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Specification 

1 . A METHOD OF IMMUNOLOGICAL ANALYSIS 

2. Claim 

1. A method of immunological analysis characterized in that a sample, labeled 
antigens or antibodies obtained by labeling antigens or antibodies with a specified 
substance and a carrier in which antibodies or antigens have been converted to solid 
phase are reacted, after which the labeled antigens or antibodies, which are bonded with 
the aforementioned carrier in the reaction solution and those that are not bonded are 
separated, after which the labeled antigens or antibodies that are bonded to the 
aforementioned carrier are determined with a flow cytometer and the specified substance 
in the sample is analyzed. 

3. Detailed Description of the Invention 
(Technological Field) 

This invention relates to a method of immunological analysis. 
(Prior Art) 

Because the molecular structures of proteins such as globulin, enzymes, 
hormones, bacteria and viruses that are present in blood and body fluids are similar and 
because they are present in minute quantities, it is difficult to identify and make 
quantitative determinations of them by ordinary analytic methods. For this reason, 
immunological analytic methods making use of antigen-antibody reaction are generally 
used in the analysis of these substances. 

These immunological methods, in which labeled substances are used, include, for 
example, RIA (radioimmunoassay), EIA (enzyme immunoassay) and FI A (fluoro- 
immunoassay). These methods in which labeling substances are used are classified into 
heterogeneous methods in which so-called B-F separation of procedures is necessary in 
the determination system whereby, for example, the antibodies (antigens) that are labeled 
by the labeling substances and the antigens (antibodies) in the samples are separated into 
immune complexes (bound) in which antigen-antibody reactions are brought about and 
labeled antibody (antigen) that does not participate in antigen-antibody reactions and that 
remain in a free state and into homogeneous methods in which this is not necessary. 
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An analytic method based on the heterogeneous method described above in which 
B-F separation is performed by column chromatography is described in Japanese Patent 
Application Early Disclosure No. 53-10495 [1978]. In this method, B-F separation is 
performed using an ion exchange resin that selectively adsorbs the free substance in the 
solution and that does not adsorb the immune complex (bound), and, as the adsorbent, a 
Filler for gel chromatography having a molecular sieve effect. 

However, in performing B-F separation in this way using column 
chromatography, there are variations in the size and shape of the immune complex, B-F 
separation of immune complexes and free substance that are close to each other in size is 
difficult and precision is poor. For this reason, for example, this method cannot be used 
in the determination of molecules such as immune globulins that are the same as the 
antibodies that are used as reagents and of chemically and physically similar molecules 
so that the items that can be analyzed are extremely limited. 

(Objective of the Invention) 

The objective of this invention is to provide an immunological analytic method 
whereby the problems discussed above are resolved and whereby B-F separation can 
always be performed reliably and the desired analysis can be effected easily and with 
high precision. 

(Synopsis of the Invention) 

The immunological analytic method of this invention is characterized in that a 
sample, labeled antigens or antibodies obtained by labeling antigens or antibodies with a 
specified substance and a carrier in which antibodies or antigens have been converted to 
solid phase are reacted, after which the labeled antigens or antibodies, which are bonded 
with the aforementioned carrier in the reaction solution and those that are not bonded are 
separated, after which the labeled antigens or antibodies that are bonded to the 
aforementioned carrier are determined with a flow cytometer and the specified substance 
in the sample is analyzed. 

(Working Examples) 

Figure 1 shows an example of the flow system whereby the method of this 
invention is executed. 

In this example, a sample containing antigens is collected by the collection device 
1 and the reagents (antibodies and labeled antibodies) are injected from the reagent 
injection device 2, after which an antigen-antibody reaction is carried out in the reaction 
tank 3. Following that, the reaction solution is passed into the reaction apparatus 4 and 
the remaining labeled antibody (free) that did not take part in the antigen-antibody 
reaction is discharged into the solution discharge tank 5 in which B-F separation is 
effected, after which the immune complex (bound) that contains the antibodies is diluted 
with a buffer solution in the dilution apparatus 6 and then flows into the flow cell 7 of the 
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flow cytometer. Here, the scattered light that is produced by irradiation of the laser light 
8 and fluorescent light are detected by the detectors 9 and 10, the output is processed by 
the data processing apparatus 1 1 and the specified antigen in the sample is analyzed. 

Figure 2 shows an example of the reaction diagram in the analytic method of this 
invention. In this example, latex, which is indicated by the symbol 21 and which is used 
for the carrier is physically adsorbed, for example, to a structure made of polystyrene of a 
uniform diameter of 5 and the solid phase antibody 22 is converted to solid state. The 
symbol 23 represents the antigen that is contained in the serum, which is the sample, and 
which is the object of analysis, and the symbol 24 represents a labeled antibody that was 
obtained by labeling an antibody that is specifically bound to the antigen 23 with a 
fluorescent substance such as FITC. In addition, the symbol 25 represents the immune 
complex (bound) after the antigen-antibody reaction and the symbol 26 the remaining 
labeled antibody (free). 

We shall now describe the action in the flow system shown in Figure 1 taking 
analysis of human IgE as the example. In this example, the anti-human IgE monoclonal 
antibody 22 is adsorbed to the latex 21 shown in Figure 2. The use of the monoclonal 
antibodies is, more specifically, for binding with the antigens. The antigens used as the 
sample are the human IgE 23. FITC labeled anti-human IgE antibodies are used as the 
labeled antibodies 24. It is desirable to use Fab fragments as the labeled antibodies 24 for 
the purposes of diminishing nonspecific adsorption and of increasing the reaction rate. 
The reaction is performed by adding 50 ^1 of a solution of latex to which solid phase 
antibody is bound, 10 |il of sample and 50 jxl of labeled antibody solution to the reaction 
tank 3, which accommodates 200 jil of buffer solution. These reagents may all be added 
at the same time, the antigens may be added after the reaction with the solid phase 
antibodies or they may be added successively so as to react with the labeled antibodies. 

When the reaction is performed, for example, at 37°C for 10 minutes, the immune 
complex 25 comprised of solid phase antibodies-antigens-labeled antibodies and the 
remaining labeled antibodies 26 are produced. 

Following this, 300 jxl of reaction solution is suctioned from the reaction tank 3 
and is then passed into the separation apparatus 4, for example, the porous ceramic tube 
31 shown in Figure 3, in which B-F separation is performed. The diameters of the pores 
of the porous ceramic material are uniform. For example, when the pore diameters are 
made to 1 ^m, the immune complex 25 of anti-human IgE MCA solid phase latex and 
antigen IgE-FITC labeled anti-human IgE Fab fragments and the remaining solid phase 
antibody latex that did not take part in the antigen-antibody reaction do not pass through 
the porous ceramic material because the size of the latex is 5 jim. 

By contrast, because the size of the remaining labeled antibodies 26 is at the most 
several tens of nm, they can pass through the ceramic material with the result that B-F 
separation is performed by the principles of filtration. 
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The remaining immune complex that could not pass through the porous ceramic 
tube 31 is washed by pouring buffer solution from the buffer solution tank 6 through it 
several times, after which it is diluted with a fixed quantity of buffer solution poured into 
the flow cytometer shown in Figure 4, with determinations then being made. 

The flow cytometer, as indicated previously, is a dedicated analytic device for 
cells. The solution 36 that has undergone B-F separation is poured into needle 35 of the 
flow cell 7 after the reaction, the flow is irradiated by the laser light 8 and determinations 
are made of the scattered light and fluorescent light that emanate from the cells. 
Ordinarily, the scattered light in front is detected by the detector 9, which is positioned 
essentially parallel to the incident laser light. It is used primarily for determination of cell 
size. The fluorescent light is detected by the detector 10, which is positioned in the 
direction perpendicular to the angle of incidence of the laser light 8. It is used for the 
determination of fluorescent substances on cell surfaces. Because the laser light 8 is of a 
single wavelength, there are limitations on the fluorescent pigments that can be used. 
The fluorescent pigment FITC that is used in the analytic method in this example absorbs 
light in the vicinity of a wavelength of 489 nm and emits fluorescent light at a 
wavelength of 488 nm. Therefore, in this case, it is desirable to use an Ar laser of a 
wavelength of 488 nm. 

Thus, when the sample passes through the flow cytometer, the size of the immune 
complex and the quantity of fluorescent light/1 latex are determined in the data 
processing unit 1 1 on the basis of the outputs of the detectors 9 and 10 and the cytogram 
shown in Figure 5 is obtained from these two parameters. In figure 5, the vertical axis 
shows the quantity of fluorescent light and the horizontal axis shows the diameters of the 
particles. Here, the latex that did not take part in the antigen-antibody reaction did not 
emit fluorescence and therefore is not represented in the cytogram. However, the latex 
that formed the immune complex is indicated in correspondence to the quantity of 
fluorescent light at its diameter. Thus, when the determined value for the quantity of 
fluorescent light is obtained, the IgE concentration in the sample can be found on the 
basis of the measurement of the fluorescence intensity found in the same way in advance 
from a known concentration series of IgE antigen specimens. In this way, by simply 
introducing a sample into the flow system described above, the series of processes of B-F 
separation and determination can be performed by means of a simple reaction system in a 
short time (determination being possible with a flow cytometer at approximately 5000 
particles/second). Moreover, highly quantitative analytic results can be obtained. 

In another embodiment of this invention, mixed carriers in which antigens of 
respectively different particle diameters are bound to multiple latex particles of different 
particle sizes are used. The mixed carrier, the sample containing various antigens and 
various labeled antibodies that are specific antibodies to the respective antigens and that 
been labeled with fluorescent agent are added and a reaction is carried out, after which B- 
F separation is performed by the same principal as in the example described above, the 
fluorescence intensities of the immune complexes with respect to different latex particle 
sizes then being found by flow cytometry. Because the cytogram shown in Figure 6 was 
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obtained in this way, multiple antigen concentrations can be analyzed at the same time 
from the various fluorescence intensities. 

In a further embodiment of this invention, the electromagnet 42 is installed in a 
part of the flow tube 41 as shown in Figure 7 and magnetic latex particles having iron 
cores are used as the carriers to be reacted with the samples. Thus, when the sample 
flows through the flow tube at a slow speed after the reaction, the magnetic latex is 
suctioned by passing electric current into the electromagnet 42, the immune complex 43 
is attached to the inside surface of the flow tube 41 and the remaining labeled antibody 44 
is passed through the tube. Following this, it is washed by pouring through dilution 
buffer solution, after which the electromagnet 42 is turned off and dilution is effected 
with a fixed quantity of buffer solution. In this way, as in the example described above, 
B-F separation can be performed reliably in the flow system. 

In the embodiment described above, latex was used as the carrier. However, the 
carrier is not limited to latex and materials such as artificial cells of uniform molecular 
weight can be used in any desired shape or size depending on the object of determination. 
This invention can be applied effectively in analysis by competitive methods. Moreover, 
because there is a substance that is used as a carrier in this invention, B-F separation can 
be carried out using column chromatography as described above. 

(Effect of the Invention) 

As described above, because, by means of this invention, an antibody solid phase 
carrier is used, there is a great difference between the sizes of the immune complex and 
the remaining labeled antibodies. Consequently, B-F separation in the flow system is 
simple and can be performed reliably. Further, because the determinations are made with 
a flow cytometer after B-F separation, analytic results of high precision can be obtained. 
In addition, a carrier of any desired size can be selected. Consequently, there is no 
limitation on the items for analysis and analysis of many items can be performed at the 
same time by using multiple particle diameters. Further, B-F separation by flow systems, 
which is troublesome, is simplified and automation for high-speed determination of many 
samples is possible. 

4. Brief Explanation of the Figures 

Figure 1 shows an example of a flow system for execution of the method this 
invention. 

Figure 2 is a reaction diagram of an example in the method of this invention. 
Figure 3 is a diagram for illustrating an example of B-F separation. 
Figure 4 is a diagram for illustrating the flow cytometer. 
Figure 5 shows an example of a cytogram. 
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Figure 6 is a figure that shows another example of a cytogram 
Figure 7 is a figure for illustrating another example of B-F separan 
- sample collection apparatus 



2 - reagent injection apparatus 
4 - separation apparatus 
6 • dilution apparatus 
8 • laser light 

1 1 - data processing apparatus 
22 - solid phase antibodies 
24 - labeled antibodies 
26 - remaining labeled antibodies 
3 1 - porous ceramic tube 

35 - needle 

42 - electromagnet 

44 - remaining labeled antibody 



3 • reaction tank 

5 - fluid discharge tank 

7 - flow cell 

9, 10 - detectors 

21 - latex 

23 - antigens 

25 - immune complex 
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43 - immune complex 
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